1. Introduction. - The trivalent h.c.p. rare-earth metals, R, form solid solutions with hydrogen or deuterium, a-R(H, D), at high temperatures. Below a certain limit, Ta, hydrogen has precipitated into the fl-phase (dihydride phase), T« decreasing with increasing atomic number of the lanthanide : from roughly 700 K for La to 400 K for Dy. The three heaviest trivalent rare earths -Er, Tm and Lupossess as a characteristic property the ability to retain hydrogen in solution at room temperature and below in important amounts : upto 3, 11 and 20 at. % respectively [1] . The a -fl transition is blocked and all hydrogen atoms which are dissolved in the a-phase at 400 K remain there down to 0 K, designating these metals as excellent candidates for the study of hydrogen behaviour at low temperatures.
In the temperature range 160-200 K the electrical resistivity of the a-phases Er(H, D)x, Tm(H, D)x and Lu(H,D)x exhibits an anomaly characterized by a sharp minimum of the derivative, dp/dT, as a function of T. This phenomenon has been investigated in detail in a series of publications [2] [3] [4] [5] [6] [7] , and a wealth of information has been accumulated using various techniques such as low-temperature electron irradiation and quench across the anomaly. An ion channelling study [8] served to determine the deuterium location as being in the tetrahedral sites of the h.c.p. cell in the whole temperature range between 25 and 425 K. The results have been interpreted in terms of a model implying the condensation of isolated H-atoms into pairs through short-range ordering when cooling the specimens below the anomaly temperature. In this model, attractive interaction between H-atoms occupying the centres of two adjacent tetrahedra joined by their faces should take place and lead to the formation of H-H pairs oriented along the c-axis of the unit cell [9] . Additional evidence for the exis-tence of uniaxially oriented pairs at low temperature had been drawn from experiments where the influence of hydrogen upon the magnetic properties of Er [10] and Tm [2, 11, 12] was investigated.
It seemed, therefore, interesting in this context to undertake an internal friction study of such a system and to draw conclusions inter alia about the symmetry properties of the dissolved hydrogen and its relaxation parameters. Similar investigations of anelastic effects of hydrogen in metals have in their great majority concerned the body-centred cubic metals of the groups Va and VIa of the periodic system and a-Fe, because of a straightforward interpretation of the observed phenomena in the framework of the Snoek effect (for a recent compilation, see ref. [ 13] and references therein). As the symmetry of the interstitial sites in f.c.c. and h.c.p. lattices is unfavourable to the introduction of directional distortion by interstitial solute atoms, the occasional observation of hydrogen relaxation was usually accounted for in terms of atom associations. Thus, internal-friction peaks in f.c.c. Pd(H, D)x had been attributed either to hydrogen pairing [14] or to a Zener-type rearrangement of H-interstitials and vacant interstitial sites [ 15] , while a peak in H-charged austenitic stainless steel was ascribed to a hydrogen-substitutional solute atom pair [16] . The Internal friction and dynamic modulus were measured by means of a low-frequency inverted torsional pendulum [ 19] [20] .)
The only significant structure showing up in figure 1 Figure 2 shows the internal friction spectra and the analogously normalized dynamic modulus as a function of temperature for the deuterated specimens, LuDx. The internal friction exhibits a very similar (H)-peak, except that it is shifted by [6] [7] Finally, the activation energy of the (H)-peak has been measured for the two richest specimens, LuHo 2 and LuDo.2 by varying the applied frequency by about a factor of 10. From the Arrhenius plot corresponding to figure 4 one finds in the case of the hydrogenated sample :
and for the deuterated sample (where the precision is better) : In figure 8 we have plotted the amplitudes of the deformation peaks as observed in the pure metal specimen after background subtraction, as a function of the applied strain on a semilogarithmic scale. After an initially uniform increase, the peak heights reach saturation values for strains above roughly 3 ; o.
The strain dependence of the deformation-induced peaks (d-H) and (d) in the hydrogen loaded specimens is presented in figure 9 : i.e. in figure 9a for [42] , and which was an order of magnitude cleaner, have revealed the same type of resistivity anomaly as in our heavy lanthanides, which -as shall be shown belowis believed to be closely related to the here discussed H-relaxation. We propose, therefore, a Snoek-type relaxation mechanism for the process in question.
As already indicated in the introduction chapter, the problem with Snoek-type relaxation effects in a hexagonal close packed (and also in a face-centred cubic) lattice is that the symmetry of a normal interstitial site (tetrahedral and octahedral) is not compatible with the appearance of internal friction peaks. Now, it had been determined earlier [8] that the preferential location of a deuterium atom in the Lu lattice was the interstitial tetrahedral site (T-site) independent of temperature in the whole range of 25 to 425 K, thus covering the here investigated domain. The problem had already been encountered in the past in investigations of the systems zirconium-hydrogen [17, 17a] and titanium-hydrogen [18] . In the former, Povolo and Bisogni suggested a stress-induced redistribution of hydrogen between 0 and T-sites -no evidence for an 0-site occupation had been noticed in the ionchannelling study of the system Lu-D [8] . On the other hand, it had been theoretically excluded [21] [20] ), but we do not believe the effect to be strong enough to be responsible for the Snoek-peak manifestation as observed here.
Finally, we should like to propose for the explanation of the internal friction of hydrogen in lutetium a model where the H-atoms condense into H-H pairs below the anomaly region ( 200 K), which has already been used to interpret the quench and irradiation experiments [3] [4] [5] [6] [7] 9] and the results of the magnetic measurements [10] [11] [12] . This model has the advantage to obey the selection rules for anelasticity [23] , which permit the existence of an anelastic effect for orthorhombic defects in an h.c.p. crystal. The fact that the concentration dependence is linear rather than quadratic as expected [24] in a system under equilibrium, is due to the thermodynamically metastable (frozen-in) situation of the H-H pairs at low temperature (for a discussion cf. ref [9] Indeed, the intensity of the (H)-peak is independent of treatment and also of the measuring frequency (Fig. 4) , since its Tp is always high enough above the critical range. (Tran [7] has observed hysteresis effects on the anomaly depending on the heating and cooling rate, but its manifestations were completed at 200 K).
An interesting problem is posed by the isotope effect. As was shown in chapter 3, there is a difference of for the activation energies, together with a ratio of the relaxation times between the hydrogenated and the deuterated specimens. Similar effects have been reported in the literature for the systems Pd-H, D [14] , Fe-H, D [25] , Nb-H, D [26] . They have also been observed and treated in detail in investigations of magnetoelastic relaxation by means of the magnetic aftereffect of hydrogen in ferromagnets (for a review, see e.g. ref. [27] ). A particularly interesting case for its analogy with the here proposed H-H pairs is the magnetic aftereffect of diatomic C-H(D) complexes in Ni [28] .
There, the reorientational relaxation exhibited an isotope effect with roughly the same difference in parameters as in our case. It was interpreted through a mass-dependent tunnelling probability from thermally excited discrete energy levels across a potential barrier (saddle-point configuration). In our case, the pairs could represent self-trapped states giving rise to a relaxation peak, whose activation energy corresponds to the deformation energy necessary to produce a symmetrical configuration for two neighbouring po- (Fig. 3) is certainly related to the same phenomenon which gives rise to the temperature shift of the resistivity anomaly with varying CH,o [3] [4] [5] [6] [7] : a binding energy of the H-H pairs which decreases with increasing CH because of the expanding lattice. In terms of the tunnelling process discussed above, this would correspond to weakening oscillator forces resulting in a change in the discrete energy level positions. An indication for such a possibility had been observed [29] in a study of the Manninen-Jena effect in the system Lu(H, D)x : there, the deviation from Matthiessen's rule for the hydrogen resistivity was also cH-dependent and was caused by a changing excitability to higher excited states.
As to the manifestation of the hydrogen relaxation [33] [34] [35] [36] , but also with Nb [37] , Ni [38] and other metals. According to Schoeck's model [32] , the anelastic strain responsible for the showing up of the effect is due to the diffusion-controlled bowing out of pinned dislocation segments, the binding energy between the interstitial impurity and the dislocation giving rise to a higher activation energy (and higher Tp) than that of the Snoek peak.
The saturation effect expected for the amplitude of the Snoek-Kbster peak with growing H-concentration due to the filling of all available dislocation sites is not always clearly visible in our experiment (a positive example is given in the insert of Fig. 5 [39] . As suggested by Seeger [40] , double-kink generation on screw dislocations could account for most of the observed features. The instability of the peak (in our case 60-65 ;'io recovery for LuH., and 50 % recovery for LuDx after aging at 470 K) is well described in the model by Astie [41] through the thermal instability of the screw-dislocation network in the internal stress field, where the screw part of the dislocation decreases causing a disappearance of the y-peak. This rearrangement of the screw-dislocation network is in our case supported by the modulus defect (cf. Figs. 5 and 6) accompanying the (d)-peak manifestation, which is a clear indication for an anelastic effect. It is interesting to note that the corresponding lattice « softening » is much stronger in the H-containing specimens than in the pure metal (Fig. 5) 
